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Part 4:
Unit Conclusion and Evaluation
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Lesson 13:
Astronomy Mission
Module Training

Students use an online, multimedia module to simulate the techniques that scientists might use to
find a star system and planet that meet the astronomical conditions required for human habitability.
Students then summarize their learning from this unit in a final project.

Main Lesson Concept: Scientists use methods such as spectroscopy, Doppler Shift, photometry and
Kepler’s Third Law: to collect data from a star. They then interpret this data to determine if the star
system has the astronomical conditions required for human habitability.

Scientific Question: What are the chances that there is a star system other than our own that has the
astronomical conditions required for human habitability? Explain.

• Humans need food, water and a moderate temperature in order to survive. (Lesson 1)
• The following characteristics allow Earth to remain habitable to humans:

• A yellow star;
• Jupiter in a circular orbit beyond three astronomical units (AU);
• An Earth-size planet of a mass that is between one-fourth and four times Earth’s mass;
• The orbit of the Earth-size planet is in the Habitable Zone. (Lesson 2)

• Scientists categorize stars by their temperature and brightness or luminosity. (Lesson 9)
• Stars in the middle of the main sequence on the HR Diagram (yellow stars) are

ideal for human life, as they burn at a moderate temperature that remains rela-
tively stable over time. (Lesson 9)

• The Habitable Zone is the distance from a star where liquid water can exist on a
planet’s surface at all times. (Lesson 9)

• The amount of atmosphere on a planet depends on the planet’s gravity, which is
determined by the planet’s mass. (Lesson 11)

• If Jupiter were in an elliptical orbit at 1 AU, it could cause a change in Earth’s orbit,
which would have consequences for the planetary temperature system. (Lesson 12)

• Scientists define a scientific question for study, make
a hypothesis based on this question, collect data to
answer the question, report their results and draw
conclusions.

• Scientists can use spectroscopy to locate yellow stars.
• Scientists can use Doppler Shift to detect Jupiter-

size planets in an elliptical orbit.
• Scientists can use photometry to detect Earth-size

planets.
• Scientists can use Kepler’s Third Law to determine if

any Earth-size planets are orbiting in the Habitable
Zone.

• Spectral data, graphs and measurements are the types
of data that astrophysicists can collect using their
instruments. This data is then interpreted for meaning.
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Suggested Timeline (45-minute periods):
Day 1: Engage and Explore Part 1 Sections (35 minutes)
Day 2: Explore Part 2 Section
Day 3: Explain and Extend/Apply Sections
Day 4: Evaluate Section (25 minutes)

Materials and Equipment:
• A class set of Astro Journals Lesson 13: Astronomy Mission Module and Astrobiology Missions Activity

* (Most of this is optional, as it will be completed online; however, you will need the Description
section).

• Astronomy Mission Walkthrough (Optional)
• 1-30 computers with Internet browser, Internet connection and the Shockwave/Flash Player installed
• A printer connected to the computers
• Chart Paper
• ”Y” cables (optional, used for student pairs)
• headphones

Preparation:
• Duplicate a class sets of Astro Journals.
• Download and install Shockwave/Flash Players on computers.  Test these at http://astroventure.arc.nasa.gov by

clicking “Astronomy Mission.”
• Test Astrobiology Mission links to make sure sites are current.  If they are not, research other sites using

provided NASA resources.
• Prepare and post chart paper with major concept of the lesson and human survival needs.
• Gather headphones and “Y” cables
• Duplicate class set of Lesson 13: Astronomy Mission Module and Astrobiology Missions Activity.

Note To Teacher: A generic Astro Journal is included with the Instructional Materials.  If you prefer, you can have
students use the generic Astro Journal instead of the ones designed to go with each lesson.  This might be espe-
cially useful for older students who are already familiar with the inquiry method.

Differentiation:

Accommodations
For students who may have special needs:
• Pair advanced students with students

that may need more guidance.
• Encourage students to talk about what

they are learning, as they go through
the computer activity.

Advanced Extensions
Research and report on the methods used to find planetary
systems outside of our Solar System.
• How were these planets detected?
• What are the characteristics of these systems?
• Do any of the planets detected outside of our star system

meet the astronomical conditions required for human
habitability?  Explain.
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1. Review Part 3.
• Question: What have we learned are the necessary astronomical conditions for human habitability?
• Answer: The following astronomical characteristics allow a planet to remain habitable to humans:

• A yellow star.
• No Jupiter-size planets or any Jupiter-size planets in a circular orbit beyond three astronomical units (AU).
• An Earth-size planet of a mass that is between one-fourth and four times Earth’s mass.
• The orbit of the Earth-size planet is in the Habitable Zone.

• Question: Why do we need these astronomical conditions?
• Answer: The temperature of a star and the orbital distance of a planet work together to maintain a moderate

temperature on a planet so that water can be present in liquid form at all times.  The mass of a planet determines
how much of an atmosphere the planet has, which also contributes to maintaining a moderate temperature on the
planet.  No Jupiter-size planets or other large objects can interfere with the stability of this system.

2. Introduce the purpose of the lesson.
• Say: Now that we know what astronomical conditions are needed for human habitability and why, we are now going

to look at how scientists might go about finding such a system.

3. Bridge to this lesson.
• Question: What methods do you think scientists might use to look for a star system with the characteristics we

have listed?
• Answer: (Accept all answers.  Students may suggest that scientists could use telescopes to look at stars. Use this

as an opportunity to assess students’ prior knowledge.  Encourage students to discuss the kinds of information
they think astrophysicists might be able to learn using a telescope.  Ask them how they think scientists would
determine a star’s type or how they would detect any planets around a star. Ask students if scientists have found
any planets outside of our star system and what these planets are like.)

Note to Teacher: Over 70 planets have been found outside of our Solar System.  Most of these are the size of
Jupiter or larger.  The smallest is about the size of Saturn.  Thus far, scientists have used Doppler Shift to detect
these planets.  Doppler Shift is only effective in detecting large planets.  The process of photometry described
in Astronomy Mission used to detect Earth-size planets is a proposed method for future missions such as the
Kepler Project.  To learn more about this project, visit: http://www.kepler.arc.nasa.gov

• Say: A telescope is one instrument that astrophysicists and astronomers use to detect the light of stars so that
we can learn more about them.

• Question: Are all telescopes the same?
• Answer: There are many types of telescopes that can collect different kinds of radiation.  The telescopes we

usually think of collect visible light or the light people can see with their eyes.  There are also telescopes that
collect ultra-violet light, microwaves or other radiation that we can’t see.

E n g a g e (approximately 15 minutes)
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• Question: Are telescopes the only instruments we can use to study stars?
• Answer: No, there are other devices that scientists can attach to their telescopes to gather additional information.

For example, scientists can attach a spectrometer to a telescope to determine the temperature of a star, or a photometer
can be used to detect a change in a star’s brightness.  Often, astrophysicists collect many measurements and use math
equations to find out other information about a star.  Computers are also a very important tool that astrophysicists use.

• Say: As Astro-Venture Senior Astronomers, you will be learning about some of the tools and methods scientists
use to study stars. As you complete the online Astro-Venture Astronomy Mission module, it is your mission to find
a star system that has the astronomical conditions required for human habitation.

4. Present the Scientific Question for this lesson.
• What are the chances that there is another star system that meets the astronomical conditions required for

human habitation? Why?
• Tell students that they will be completing the online Astronomy Mission module to search for a star system that

meets the requirements necessary for human habitation.

E x p l o r e Part 1 - (approximately 20 minutes)

1. Discuss students’ predictions of what they believe are the chances that there is another star
system that meets the astronomical conditions required for human habitation and why.

Note to Teacher: Students will be asked to enter their predictions and conclusions in the online module.  If you
complete the module as a whole class, you may want students to complete all sections of the Astro Journal:
Lesson 13. This may also be useful if you want to reinforce the importance of data collection by having students
write down the data, rather than simply letting the computer do it.

• Question: What do you think are the chances of finding another star system with the astronomical conditions
required for human habitation?

• Answer: (Accept all answers.  Encourage students to give answers in a percentage format.  You might have
students vote on whether they think there is less than a 50% chance, a 50% chance, or more than a 50% chance
of finding a star system with these conditions.)

• What is your reasoning for giving this answer?
• Answer: (Answers may vary.  Students who feel that it is less likely that a star system with these conditions could

be found may explain that in our own Solar System, only 1 out of 9 planets formed with the necessary conditions.
Another argument might be that with so many requirements, it seems unlikely that we might find a planet that can
meet them all.  Students who feel that it is more likely that a star system with these conditions could be found
may explain that since there are billions of stars, there is a high probability that at least one of them meets the
requirements.)

Note to Teacher: Scientists do not yet know the answer to this question.  Drake’s Equation is one method that scientists
have identified for trying to calculate this probability.  However, at this time we still do not have an accurate estimate
of many of the variables in this equation.  Therefore, scientists do not agree on the level of this probability.  Some
scientists, like those who work for Searching for Extra-Terrestrial Intelligence (SETI), believe there is a high probability of
finding signs of other intelligent life like humans on other planets.  Other scientists, like Peter Ward author of the book
Rare Earth, believe that there is a low probability of finding complex life.  Astrobiologists, in general, do agree that
there is a good chance of finding microbial life, which they believe might be found in our own Solar System.
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2. Introduce students to the Astro-Venture Astronomy Mission module.
• Tell students that now that they have completed their Astronomy Training, and understand what astronomical

conditions are necessary for human survival and why, they will use Astro-Venture Academy instruments to search
for a star system that has these astronomical conditions.  They will need to eliminate star systems that don’t
meet the requirements until they find a system that has all of the necessary conditions.

• Tell students that as they go through this module, they will be Astro-Venture Senior Astronomers and will be
using the scientific inquiry process.  They will also have help from several NASA scientists.

• Before students begin the Astronomy Mission module, be sure to emphasize with them the importance of making
up a password that includes the date and to write this down exactly as they enter it.  This password will be
required at the end to complete the module.  A sample password for the date March, 5 might be: nasamarch5

Note to Teacher: Passwords will be periodically deleted from the database, so it will be important for students to
complete the module within two weeks of having begun the module.  The purpose of the password is to call up
the teams’ names and prediction at the end of the module for comparison with their conclusions. When stu-
dents print out the final page with their predictions and conclusions, the names entered will let you know whose
work it is.  If students forgot their password or come back after their passwords were deleted, you may want to
use a permanent password that we will keep in the database.  This password is: av01astro  This will allow students
to complete the ending; however there will be no prediction entry or names on their final printable page.

• Tell students that they will be asked to switch players for each step.  If they are in pairs or small groups, they
should switch control of the mouse for each step.
Note to Teacher: The module relies heavily on audio, so we suggest that you obtain headphones for each
computer.  If pairs of students will share a computer, we suggest using “Y-cables,” which allow you to plug two

E x p l o r e Part 2 - (approximately 45 minutes)

pairs of headphones into one computer.
1. Have students engage in the Astronomy Mission module individually, in pairs, small groups or as a class.
• Students should visit: http://astroventure.arc.nasa.gov and click “Astronomy Mission.”

Notes to Teacher:
• You will need the Shockwave/Flash Player plug-in, which can be downloaded and installed from:

http://sdc.shockwave.com/shockwave/download

• Also, you will want to have accessibility to a printer, so that students can print their Newspaper articles at the
end of the module.  These can be used for evaluation purposes.

• If you want to take the whole class through the module using one computer, use the Astronomy Mission
Walkthrough as a guide.

• When this module was tested with students in grades 5-8, the average completion time was approximately 45
minutes.  Most students should be able to complete the activity in a class period.  However, if a student does
not complete the module, it is possible to come to where they left off by either writing down the URL of the
page they are on, or bookmarking the page and writing down the name of the bookmark.  This is NOT possible
in the Astronomy Training module, but is an enhancement added to the Astronomy Mission module.

• The Astronomy Mission module scenario is fictional, and all stars are fabricated.  At the time this was writ-
ten, we had yet to find any star systems outside of our own with Earth-size planets.  However, the methods
used are all authentic astronomy methods, and the procedure is a viable procedure, that with advances
in astronomical instruments, could be used to find a habitable star system.
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1. Have students share their results and conclusions.
• Question: Did you find a star system with the necessary astronomical conditions for human habitability?
• Answer: One star system was found with the necessary astronomical conditions for human habitability.

• Question: What conclusions can you draw from this experience?
• Answer: (Answers may vary) There are probably many star systems that do not meet the requirements to sustain

human life. However, because there are so many stars, there probably is at least one that does.  However, because
there are so many stars, it can take a long time to study each one to find stars that do meet the requirements.

• Say: The Astronomy Mission activity is a hypothetical situation. Scientists in fact do not know the probability of
finding a star system with the conditions necessary for human habitation.  However, many scientists do believe
that there is a good chance that there is microbial life on other planets, and there are many missions planned to
look for Earth-size planets and signs of life on other planets.

2. Have students complete the Description section of their Astro Journals.

E x p l a i n (approximately 15 minutes)

1. Have students complete the Astrobiology Missions section of their Astro Journals.
• Students visit NASA Web sites to research current astrobiology missions in which Earth-size planets, conditions

for life or life on other planets are being researched.

• Have students use the scientific inquiry process as outlined in the Astrobiology Missions section of their Astro
Journals to explain how these missions will be carried out.

• New missions are being added all of the time, but a few missions that were planned at the time this lesson was
written include:
• The Kepler Mission: http://www.kepler.arc.nasa.gov
• Space Interferometry Mission: http://sim.jpl.nasa.gov/
• Next Generation Space Telescope: http://ngst.gsfc.nasa.gov
• Terrestrial Planet Finder   http://tpf.jpl.nasa.gov

• Other useful Web sites include:
• NASA Astrobiology Institute:  http://nai.arc.nasa.gov
• NASA Ames Astrobiology (Visit the Missions page):  http://astrobiology.arc.nasa.gov
• NASA Origins Program:  http://origins.jpl.nasa.gov (Visit the Missions page)
• NASA SpaceLink:  http://spacelink.nasa.gov (search Astrobiology)
• NASA Quest:  http://quest.nasa.gov

(See Astrobiology Press Releases under “In the News,” or search the archives.)

• Students might also visit Internet search engines, and enter key words such as, “extra-solar planets,” “astrobiology,”
or “exobiology.”

E x t e n d / A p p l y (approximately 30 minutes)
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1. Have students share their descriptions of their own missions and other NASA missions using the
scientific inquiry process to explain these missions.

• Question: What was the process that you used to find a star system with the astronomical conditions necessary
for human habitation?

• Answer: We predicted what the chances were of finding such a star.  We then used:
• spectroscopy to find yellow stars;
• Doppler Shift to eliminate any stars that had Jupiter-size planets in an elliptical orbit;
• photometry to find Earth-size planets;
• Kepler’s Third law to determine if the Earth-size planets were orbiting in the Habitable Zone.
• Finally, we recorded our results and drew conclusions about what our results mean.

• Question: From this activity, what have you learned are the important parts of the scientific inquiry process?
• Answer: It is important to have a good scientific question to explore.  It is also important to make an educated

guess about what you believe the answer to this question will be.  Then it is important to collect data that will help
to answer this question.  Whether or not your prediction was correct is not important.  Either way you learn
something and can draw important conclusions.

• Question: Does the process end with these conclusions?
• Answer: No, often what we learn from one mission brings up new questions, which inspire new investigations.

• Question: What new questions does this discovery raise?
• Answer: (Answers may vary, but hopefully students will raise the question: Does this planet meet other requirements

for human habitation?)

2. Bridge to the next lesson.
• Discuss whether the planet located is definitely habitable.

• Question: Is the planet we located definitely habitable to humans?
• Answer: The planet meets the astronomical conditions; however, it may not meet other requirements. For example,

we do not know if the planet has water, oxygen, food, and protection from radiation and poisonous gases.

• Question: How might we find out if this planet meets other requirements for human habitability?
• Answer: In order to find out if this planet meets other requirements for human habitability we would need to

study the planet further.

3. Tell students that in the next lesson they will need to convince others at the Astro-Venture
Academy that further exploration of their planet is worthwhile.

4. Collect Newspaper Articles and Astro Journals and evaluate them using the Scientific Inquiry
Evaluation Rubric to make sure students are ready for the next lesson.
In particular, assess students understanding of the scientific inquiry process.

Note to Teacher: After each lesson, consider posting the main concept of the lesson some place in your classroom.
As you move through the unit, you and the students can refer to the ‘conceptual flow’ and reflect on the progression
of the learning. This may be logistically difficult, but it is a powerful tool for building understanding.  For this lesson,
the chart of what is needed and why those conditions are needed should also be posted

E v a l u a t e (approximately 25 minutes)
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Name: ____________________

Astrobiology Missions Activity

Visit NASA Web sites to find missions that are looking for Earth-size planets, conditions for life on other planets or
signs of life on other planets.  Describe these missions using the following guidelines.

• New missions are being added all of the time, but a few missions that were planned at the time this lesson was
written include:
• The Kepler Mission: http://www.kepler.arc.nasa.gov
• Space Interferometry Mission: http://sim.jpl.nasa.gov/
• Next Generation Space Telescope: http://ngst.gsfc.nasa.gov
• Terrestrial Planet Finder http://tpf.jpl.nasa.gov

• Other useful Web sites include:
• NASA Astrobiology Institute: http://nai.arc.nasa.gov
• NASA Ames Astrobiology (Visit the Missions page): http://astrobiology.arc.nasa.gov
• NASA Origins Program: http://origins.jpl.nasa.gov (Visit the Missions page)
• Planet Quest: http://planetquest.jpl.nasa.gov
• NASA SpaceLink: http://spacelink.nasa.gov (search Astrobiology)
• NASA Quest: http://quest.nasa.gov

(See Astrobiology Press Releases under “In the News,” or search the archives.)

Title of the mission:
______________________________________________________________________________________________________

Web site address where information on this mission was found:
______________________________________________________________________________________________________

Scientific question being studied by this mission (What are scientists trying to learn?):
______________________________________________________________________________________________________

Scientific hypothesis (What do scientists think they will find on this mission?):
______________________________________________________________________________________________________

Materials and instruments scientists will use to gather data:
______________________________________________________________________________________________________
______________________________________________________________________________________________________

Methods and procedure scientists will use to gather data:
______________________________________________________________________________________________________
______________________________________________________________________________________________________

If the mission is completed, report the results that were found.
______________________________________________________________________________________________________
______________________________________________________________________________________________________
______________________________________________________________________________________________________
______________________________________________________________________________________________________

If the mission is completed, what conclusions did scientists draw?
______________________________________________________________________________________________________
______________________________________________________________________________________________________
____________________________________________________________________________________________________________________________________________________________________________________________________________
______________________________________________________________________________________________________
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Astronomy Mission Walkthrough
The following is an explanation of each section of Astronomy Mission.  It offers suggestions for how you might take
a whole class through the module, if you only have one computer with the ability to project.  Audio is crucial to this
module, so you will want to have a computer with speakers.

Introduction
• Students will be asked to enter a password from Astronomy training (av2002astro) or to answer the four questions

from Training to ensure that they know the astronomical conditions required for humans.
• Astro Ferret will give an introduction to Astronomy Mission.  Have students listen to this introduction.  The arrow in the

bottom left corner will allow you to replay each screen.  The bottom right arrow allows you to advance to the next screen.
Note to Teacher: When this module was tested with students in grades 5-8, the average completion time was
approximately 35 minutes.  You should be able to complete the activity in a class period.  However, if you do not
complete the module, it is possible to come to where you left off by either writing down the URL of the page you
are on, or by bookmarking the page and writing down the name of the bookmark.  This is NOT possible in the
Astronomy Training module, but is an enhancement added to the Astronomy Mission module.

•  On the prediction page, make up a password for the class that includes the date.  Write down this password, as
you will need it again at the end of the module.

• If students complete this module in pairs or small groups, we encourage each student to enter their first name.
However, when completing this as a whole class, we suggest entering a name such as “Mrs. Jones’ class.”

Note to Teacher: Passwords will be periodically deleted from the database, so it will be important for students to
complete the module within two weeks of having begun the module.  The purpose of the password is to call up the
teams’ names and predictions at the end of the module for comparison with their conclusions. When students print
out the final page with their predictions and conclusions, the names entered will let you know whose work it is.

• Ask students what they predict are the chances that there is another star system that meets the astronomical
conditions for human survival and why.  Enter a prediction that is agreeable to the class.

• Once the class has completed all fields, click “Enter.”

• Astro Ferret will explain the materials and procedure that students will use on their mission.

Step Animations
• There are four steps in the Astronomy Mission:

1. Using Spectroscopy to Determine a Star’s Type
2. Using Doppler Shift to Detect Jupiter-Size Planet’s in an Elliptical Orbit
3. Using Photometry to Detect Earth-Size Planets
4. Using Kepler’s Third Law to Determine if Earth-Size Planets are in the Habitable Zone

Note to Teacher: The concepts presented in Astronomy Mission are simplified for this grade level and are largely
supplied as background information.  Although students are shown how the data is derived and what it means,
students in this grade range are not expected to understand the complexities of how these data collection meth-
ods work. The activity requires them to compare data and to draw conclusions about what the data mean,
which students have been able to do very successfully in the user testing we conducted.

• Each step begins with an animation in which a NASA expert and Astro explain the scientific technique featured in
each step.  They show how scientists use this technique to gather data, what this data looks like, what it means
and how scientists interpret this data.

• To begin each step, Astro will introduce the NASA expert.
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• The expert and Astro will go through a sequence of animations that will show how the data is derived and what it
means. When an expert asks Astro a question, you may want to pose the same question to the class to assess their
understanding of the concepts.

• “Link to Script” will bring up a window with the full script of all dialogue spoken in each step.

• “Tech Notes” will bring up a window with a summary of the main concepts in each step.

• “Career Fact Sheet” will bring up a printable PDF file with the career fact sheet of the specialist for that step.

Step Activities
• Following the animation, students engage in an interactive activity in which they apply the concepts they have just

learned.  You may wish to have students take turns coming up to the computer to analyze each star system.

• Click a star that has a teal circle around it.

• The Star Data shows the data collected from that star.

• The Reference Chart shows the different data types possible and what is meant by each of the data. Click the
arrows to see each possible data type.

• The questions ask students to interpret the data and decide whether the star system is habitable or not. Click the
circle next to the answer you wish to select.

• Click “Notes” to see the Tech Notes summary of the concepts for each step.

• Click “Hint #1” for help on how to decide what the data mean.

• Click “Hint #2” for help on deciding whether the star system would be habitable or not.

• Once students answer the questions correctly, the star will be checked off as completed and will be recorded as
“habitable” or “uninhabitable” in the Astro Table.

• When students correctly analyze all stars, they will be congratulated and advanced to the next step.

• For steps, 2, 3 and 4, students will be alerted that the stars eliminated from the previous step will be removed
from the screen.  Subsequently, there will be fewer stars to analyze for each additional step.

• The stars that are eliminated at each step are as follows:

Step 1: Spectroscopy

elbaTortsA nasilA LahplA xirebmA 8darnoC xeRJD airezoD OITRG aniT-X4 2miS-R noireT8 lehcraM 4omoiW

elbatibaH X X X X X X X X X

elbatibahninU X X X
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Step 2: Doppler Shift

Step 3: Photometry

Step 4: Kepler’s Third Law

Conclusion
• After successfully completing the last step, Astro will ask students to enter their password that they chose at

the beginning.  This must be typed exactly as it was originally entered.  Click “Enter.”
Note to Teacher: If students forgot their password or come back after their password was deleted, you may want
to use a permanent password that we will keep in the database.  This password is: av01astro  This will allow students
to complete the ending; however there will be no prediction entry or names on their final printable page.

• Students will see their prediction that they entered at the beginning.  They will be asked to enter their conclusion
and to name their planet. Click “Enter.”

• Students will see a newspaper article written about them that will include their names, the name of their planet, their
original prediction and final conclusions.  The article summarizes the process the students went through to locate a
star system with the astronomical conditions required for human habitability.  Read this article with the class.

• Print out a copy of this article by going to the “File” menu of your browser and selecting “Print.”

• Discuss whether the planet located is definitely habitable.
• Question: Is the planet we found definitely habitable to humans?
• Answer: The planet meets the astronomical conditions; however, it may not meet other requirements. For example,

we do not know if the planet has water, oxygen, food, and protection from radiation and poisonous gases.

• Question: How might we find out if this planet meets other requirements for human habitability?
• Answer: We would need to study the planet further.

• Click the trading card link to bring up the printable trading cards of the experts in this module.

• Click the arrow to go to the final page, which explains that further study of this planet will need to be conducted
in additional Astro-Venture modules.

elbaTortsA nasilA LahplA xirebmA 8darnoC xeRJD airezoD OITRG aniT-X4 2miS-R noireT8 lehcraM 4omoiW

elbatibaH X X X X X X

elbatibahninU X X X

elbaTortsA nasilA LahplA xirebmA 8darnoC xeRJD airezoD OITRG aniT-X4 2miS-R noireT8 lehcraM 4omoiW

elbatibaH X X X

elbatibahninU X X X

elbaTortsA nasilA LahplA xirebmA 8darnoC xeRJD airezoD OITRG aniT-X4 2miS-R noireT8 lehcraM 4omoiW

elbatibaH X

elbatibahninU X X
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Lesson 14:
Final Project

Students use an online, multimedia module to simulate the techniques that scientists might use to
find a star system and planet that meet the astronomical conditions required for human habitability.
Students then summarize their learning from this unit in a final project.

Main Lesson Concept: The astronomical requirements for habitability are not sufficient for
sustaining human life on a planet.  Additional requirements must be met to sustain human life on a planet.

Scientific Question: What other requirements must a planet meet to be habitable to humans and how
might a scientist determine if a planet meets these requirements?

• From the astronomical requirements met by the planet located in Lesson 13 , we can draw
the following conclusions:
• The planet is likely to have enough gravity for our biological systems to operate normally
• The planet is likely to have a moderate temperature necessary for human survival and

to maintain water in a liquid state.
However, we do not know if the planet has food, oxygen, water,  low levels of poisonous
gases and protection from high levels of radiation.  We do not even know if the planet has
an atmosphere and the right amount of gases in the atmosphere to maintain a moderate
temperature.
• Further study of the planet, using powerful, space-based telescopes, interferometry

and spectroscopy are necessary.  Sending probes to the planet would give us more
precise data.

• Study of habitable planets can help us better understand Earth and can help us to
conclude whether life on Earth is unique.

• Humans need water, oxygen, food, gravity, a
moderate temperature and low levels of poisonous
gases and high levels of radiation to survive.
(Lesson 1)

• The following astronomical characteristics
address some of these requirements that help
to make Earth habitable to humans:
• A yellow star
• Jupiter in a circular orbit beyond three

astronomical units (AU).
• An Earth-size planet of a mass that is between

one-fourth and four times Earth’s mass
• The orbit of the Earth-size planet is in the

Habitable Zone. (Lesson 2)
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Suggested Timeline (45-minute periods):
Day 1: Engage and Explore
Day 2: Explain and Extend/Apply Sections
Day 3: Evaluate Section (1/2 of class presentations)
Day 4: Evaluate Section (1/2 of class presentations)

Materials and Equipment:
• A class set of Astro-Venture Proposal Guidelines
• Human Needs Chart from Lesson 1
• 1-30 computers with Internet browser and Internet connection
• Chart Paper

Preparation:
• Duplicate class sets of Astro-Venture Proposal Guidelines.
• Test Astrobiology Mission links to make sure sites are current.  If they are not, research other sites using

provided NASA resources.
• Prepare chart paper with major concept of the lesson to post at the end of the lesson.
• Duplicate and post the Human Needs Chart: Lesson 1

Differentiation:

Accommodations
For students who may have special needs:
• Pair more advanced students with

students that may need more guidance.
• Evaluate students on oral presentations

of proposals.

Advanced Extensions
Research and report on current methods used to power a probe
to another planet or location in our Solar System.
• How fast do these probes travel?
• How is their direction controlled?
• How is their data collection controlled?
• What would be the advantages and disadvantages of using these

techniques to send a probe outside of our Solar System?
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1. Review requirements for human survival from Lesson 1 and overall Astro-Venture goal.
• Question: What is the overall goal we’ve been working on at the Astro-Venture Academy?
• Answer: At the Astro-Venture Academy, we are studying and trying to find another planet that would be habitable to

humans.

• Question: What are the basic human survival needs that this planet must meet?
• Answer: (Refer students to the posted chart of human needs from Lesson 1.) We need water, oxygen, food,

gravity, a moderate temperature and low levels of poisonous gases and protection from high levels of radiation to
survive.

2. Review Lesson 13 and bridge to Lesson 14.
• Question: In your Astronomy Mission you located a star system and planet.  What characteristics does this star

system have?
• Answer: The star system has a yellow star, a Jupiter-size planet in a circular orbit beyond three AU, and an

Earth-size planet orbiting in the Habitable Zone.

• Question: What do these characteristics tell us about the Earth-size planet in terms of its ability to support
human life?

• Answer: The star type, planet size and orbital distance tell us that the planet is likely to have a moderate
temperature which would allow the planet to maintain water in a liquid state and would allow humans to maintain a
moderate body temperature.  The planet size also means that the planet is likely to have sufficient gravity for
human biological systems to function normally. The orbit of the Jupiter-size planet means that the Earth-size
planet is not likely to be disturbed by the larger planet.

• Question: Is this planet habitable to humans?
• Answer: We do not have enough information to know if the planet is habitable to humans.

• Question: What additional questions do you have about this planet that you would need answered in order to
decide if it is habitable or not?

• Answer: (Accept all answers and record them on the board.  Have students connect questions to the list of human
needs, and ensure that all needs are addressed.)  Questions may include:
• Does the planet have liquid water?
• Does the planet have an atmosphere?
• Does the planet’s atmosphere include enough oxygen?
• Does the planet’s atmosphere include the right amount of Greenhouse gases (or gases that will trap the right

amount of heat)?
• Does the planet have an average global temperature below 50º Celsius?
• Does the planet have food or the conditions necessary for growing food?
• Does the planet have a low level of  poisonous gases that won’t kill humans?
• Does the planet have protection from high levels of radiation coming from the star or from cosmic rays?

E n g a g e (approximately 15 minutes)
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MISCONCEPTIONMISCONCEPTIONMISCONCEPTIONMISCONCEPTIONMISCONCEPTION: Students may believe that because the planet has the astronomical requirements,
that it has the right atmosphere, moderate temperature and liquid water.  It is important to help them
realize that these conclusions cannot be made at this time.  We have no evidence that the planet has
water, atmosphere of any kind nor the right temperature. To bring out these misconceptions, ask
students the following questions:
• Question: Does the planet have liquid water?  How do you know?

• Question: Does the planet have an atmosphere? How do you know?

• Question: Does the planet have a moderate temperature?  How do you know?

To further challenge these misconceptions, ask students to describe various possible scenarios for the
planet they found.  These might include:
• A planet with a large quantity of Greenhouse gases that trap heat and cause the surface to be hot

enough to melt led.

• A planet with no atmosphere such that its temperature would vary between very hot when facing
the star and very cold when facing away from the star.

• A planet with the right temperature but no liquid water present.

• A planet that has liquid water, the right amount and type of atmosphere and the right temperature.

• Question: How many of you think that it would be worthwhile to do some further study of this
planet? Why?

• Answer: (Accept all reasonable answers.)

3. Introduce the purpose of the lesson and the Scientific Question.
• Say: Scientists often make discoveries that help to answer one question, but those discoveries bring up more

questions.  Science is a never-ending exploration and search for answers.  However, there is a limit in time and money
that determines what research actually happens.  Scientists have to convince organizations that have money that
their research is worth being funded.   Now that you have found a planet that meets some of the conditions required
for human habitation, you must convince the World Science Foundation that your planet is worthy of further study.
The Scientific Question that you will be addressing in your proposal to this organization are:

• What other requirements must a planet meet to be habitable to humans, and how might a scientist determine
if a planet meets these habitability requirements?

Your ability to continue your research at the Astro-Venture Academy will depend on the acceptance of your
proposal by the World Science Foundation.



Astro-Venture: Astronomy Educator Guide EG-2002-10-001-ARC

23
1

4traP noissiMerutneV-ortsA
gniniarTeludoM

tcejorPlaniF

1. Have students explore methods that NASA and other scientists are using to study extra-solar planets.
• Have students visit the following Web sites to understand the methods used in the study of extra- solar planets

and to determine what kind of information could be learned about extra-solar planets using the described methods.
Students should note methods that they think would help to answer the questions they have listed.
• Terrestrial Planet Finder:  http://tpf.jpl.nasa.gov

• NASA Astrobiology Institute:  http://nai.arc.nasa.gov

• NASA Ames Astrobiology:  http://astrobiology.arc.nasa.gov  (Visit the Missions page.)

• NASA Origins Program:  http://origins.jpl.nasa.gov  (Visit the Missions page.)

• The Kepler Mission:  http://www.kepler.arc.nasa.gov

• Next Generation Space Telescope:  http://ngst.gsfc.nasa.gov

• NASA SpaceLink:  http://spacelink.nasa.gov (search Astrobiology)
• NASA Quest:  http://quest.nasa.gov (See Astrobiology Press Releases under “In the News,” or search the

archives.)

• Students might also visit Internet search engines, and enter key words such as, “interferometry “spectroscopy,”
or “astrobiology.”

E x p l o r e (approximately 30 minutes)

E x p l a i n (approximately 15 minutes)

1. Have students share their results and conclusions in small groups.
Have them share methods that could help to answer each listed question. Possible answers might include the
following:

Possible Methods  to Answer
A combination of the following methods would help to
answer these questions:

• Spectroscopy to obtain the absorption spectrum of a
planet and determine the atmospheric composition.
(Signs of water vapor in this spectrum would be
evidence that the planet may have liquid water.)

• These instruments would need to be on a telescope
above the Earth’s atmosphere.  Alternatively, a probe
with these instruments could be sent closer to the
planet.

Questions
• Does the planet have liquid water?
• Does the planet have an atmosphere?
• Does the planet’s atmosphere include enough oxygen?
• Does the planet’s atmosphere include the right amount

of Greenhouse gases (or gases that will trap the right
amount of heat)?

• Does the planet have a low level of poisonous gases
that won’t kill humans?

• Does the planet have protection from high levels
of radiation coming from the star or from cosmic
rays?
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• Question: In general, what can you conclude will be necessary for further research?
• Answer: We can conclude that, in order to do further research, we will need very powerful telescopes that are

above our atmosphere.  To really be sure, we may need to send a probe closer to the planet.

Note to Teacher: Currently, we have not sent a probe outside of our Solar System.  The technology and time that is
required for such a mission would be considerable.  Although no missions are currently planned or considered fea-
sible for such a mission in the near future, it may be possible in the distant future.  Similarly, students may suggest that
scientists need to visit the planet.  Discuss the advantages and disadvantages of sending people to another planet
outside of our Solar System.  The advantages might include that humans can gather more precise data, more
quickly and with fewer mistakes.  The disadvantages might include the risk of human life and added cost and
constraints of sending a spacecraft that must sustain human life and return it to Earth.  It should be noted that with
current technology, the time it would take a probe to reach the nearest star would exceed a human’s life span.

Questions
• Does the planet have an average global

temperature above 0º and below 50º Celsius?

• Does the planet have food or the conditions for
growing food?

Possible Methods  to Answer
• Once we know the atmospheric composition, star type

and planetary distance we will be able to do
calculations and draw conclusions about the
temperature range of the planet.  A precise
measurement may require that a probe be sent to the
planet.

• A very high resolution spectroscope to obtain an even
more detailed absorption spectrum of a planet can be
used to look for presence of chemicals that we do not
expect to find unless biological activity is pumping it
into the atmosphere. Chemicals like ozone and free
oxygen cannot exist without being replenished by some
biological process.  Thus, if we detect these chemicals,
it is a good indicator of life.  Methane is also another
indicator of life.

• Again to be absolutely sure that plants or animals are
present or could survive, a probe would probably need
to be sent to the planet.

E x t e n d / A p p l y (approximately 30 minutes)

1. Have students write their proposals to the World Science Foundation using the
Astro-Venture Proposal Guidelines.
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1. Have students present their proposals to the “World Science Foundation proposal committee.”
• Give students five minutes to verbally present their argument to the class.  Have the class ask questions about

each students’ proposal to help determine which proposals they think are most worthy of funding.  Some of the
important conclusions that students should arrive at  and discuss include:

• We can conclude that the planets we have found are likely to have enough gravity for our biological systems to
operate normally and to have a moderate temperature necessary for human survival and to maintain water in
a liquid state.  However, we do not know if the planet has food, oxygen, water,  low levels of poisonous gases
and protection from high levels of radiation.  We do not even know if the planet has an atmosphere and the
right amount of gases in the atmosphere to maintain a moderate temperature.

• Further study of the planet, using powerful, space-based telescopes, interferometry and spectroscopy or
probes to the planet are necessary.

• Study of habitable planets can help us better understand Earth and can help us to conclude whether life on
Earth is unique.

• After students have presented their proposals, have the class vote on the proposal they would fund and why.
Their reasons should include evidence that the proposal will result in worthwhile research and that the methods
proposed are appropriate to the mission.

2. Discuss students’ conclusions and have students summarize their learning of this unit.
• Question: In completing your Astronomy Training and Mission, what important concepts did you learn about habitable

planets?
• Answer: (Answers may vary.  Record answers on the board. Help students to identify the following key concepts.)

• Humans need water, oxygen, food, gravity, a moderate temperature, low levels of poisonous gases and
protection from high levels of radiation to survive.

• Liquid water is necessary for human survival, and the right temperature is a very important condition for
maintaining liquid water on the surface of a planet.

• Star type, planet mass and a planet’s distance from a planet all work together to determine the surface
temperature of a planet.

• If the astronomical requirements of a planet and star system are met, this does not necessarily mean the
planet is habitable to humans.

3. Bridge to the next unit.
• Say: Congratulations on your successful Astronomy research at the Astro-Venture Academy.  You have really

helped to contribute to our understanding of habitable planets.  If your proposals are accepted, you will be
trained in other requirements for human habitation in the areas of: Geology, Atmospheric Sciences and Biology
and you will engage in a mission to conduct further study of your planet to see if it meets these requirements.
Good luck!

Note to Teacher: After each lesson, consider posting the main concept of the lesson some place in your class-
room. As you move through the unit, you and the students can refer to the ‘conceptual flow’ and reflect on the
progression of the learning. This may be logistically difficult, but it is a powerful tool for building understanding.  For
this lesson, the chart of what is needed and why should also be posted.

E v a l u a t e (approximately 90 minutes)
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Astro-Venture Proposal Guidelines

You have located another planet and star system that has some of the conditions required for human habitability.  In
order to determine if it meets all of the requirements for human habitability, you will need to conduct further
research.  On a separate sheet of paper, write a proposal to the World Science Foundation, and convince the founda-
tion that the star and planet you found is worthy of further study and exploration.  Include the following:

• A description of the planet and star system you have found and what evidence you have that it meets the astro-
nomical conditions required for human habitability

• Why these astronomical conditions are important for human habitability

• A description of additional requirements that must be met for the planet to be habitable to humans

• Possible methods that could be used to determine if the planet meets these additional requirements

• An explanation of what the benefits would be to conducting further research of this planet

Your concept map will be evaluated using the following rubric.Your concept map will be evaluated using the following rubric.Your concept map will be evaluated using the following rubric.Your concept map will be evaluated using the following rubric.Your concept map will be evaluated using the following rubric.

4

3

2

1

• Proposal clearly and accurately explains requirements for human habitability and provides accurate
conclusions about the planet found.

•  Proposal has all required parts and uses examples and reasoning to create an exceptionally powerful
and detailed persuasive argument.

• Proposal clearly and accurately explains requirements for human habitability and provides accurate
conclusions about the planet found.

• Proposal has all required parts, makes specific references to examples, and uses good reasoning in
explanations.

• Proposal is not completely clear or accurate in explaining requirements for human habitability and
accurate conclusions were not drawn about the planet found.

• Proposal has most required parts, makes some specific references to examples, and uses some good
reasoning in explanations.

• Proposal is not clear or accurate in explaining requirements for human habitability and accurate
conclusions were not drawn about the planet found.

• Proposal is missing several parts, makes few specific references to examples, and uses little or no good
reasoning.
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